###### Key questions

What is already known?
======================

-   The childbirth and first 24 hours after birth contribute to nearly half of the total stillbirths and maternal and neonatal deaths.

-   Improvement in quality of care during childbirth and postnatal period is necessary to meet the Sustainable Development Goals.

What are the new findings?
==========================

-   A provider-led multipronged quality management programme with external facilitation was successful in improving key care practices during childbirth and immediate postnatal period.

-   A large number of deficits in the quality of care were due to structural issues which need system strengthening and are difficult to address by healthcare providers themselves.

What do the new findings imply?
===============================

-   Healthcare providers at small facilities should be trained in the methods of monitoring and addressing quality gaps and they should be fully supported with needed resources to identify and address the lacunae in quality of care.

Introduction {#s1}
============

Despite significant decline in maternal and under-5 child deaths over last two decades, 275 000 maternal death and 5.9 million under-5 deaths including 2.7 million neonatal deaths still occur every year, over 90% of them in the low/middle-income countries (LMIC).[@R1] Due to slower decline of neonatal deaths, its contribution to under-5 deaths has increased from 36% in 1990 to 46% in 2015.[@R1] Additionally, a burden of approximately 2.1 million stillbirths every year, unnoticed so far, has also become a major concern.[@R3] The childbirth and first 24 hours thereafter is the most critical period as nearly half of total stillbirths and maternal and neonatal deaths occur during this period.[@R4]

Increase in institutional deliveries in India from 38.7% in 2005--2006 to 78.9% in 2015--2016 has not translated into commensurate gains in maternal and neonatal survival but has largely shifted the mortality burden from the community to the facilities.[@R6] This has been attributed to low quality of care (QoC) in the facilities and improving the QoC in addition to universal coverage of evidence-based interventions has therefore been identified as a key strategy to achieve Sustainable Development Goals of significantly reducing maternal, fetal and neonatal mortality by 2030.[@R9] Improved QoC is expected to save nearly 113 000 maternal deaths, 531 000 stillbirths and 1 325 000 neonatal deaths every year globally.[@R10]

Most of the evidence on improvement in QoC has emanated from high-income countries, which have strong and functional health systems. Systematic reviews demonstrate dearth of good-quality evidence on interventions, which can improve QoC of maternal and newborn health in LMICs with weaker health systems.[@R10] Recently, a large cluster-randomised trial (BetterBirth study) undertaken in Uttar Pradesh state of India focused on implementation of coaching-based WHO safe childbirth checklist (BetterBirth checklist) as a tool to drive QoC in small facilities.[@R11] The trial reported a modest improvement in adherence to essential practices around the time of childbirth but no change in perinatal deaths, maternal deaths or maternal severe complications.

The QoC is a multifaceted concept which envisions that the clients receive good-quality evidence-based care (provision of care) and are also treated well (experience of care). Providing good QoC which is safe, timely, effective, efficient, equitable and patient centred requires a robust health system. Improvement in healthcare processes needs 'structure' to be in place in the form of skilled and committed human resource, infrastructure, information system, equipment and supplies, financing, and leadership/governance. The Donabedian and WHO models emphasise the importance of both robust 'structure' and 'processes' in order to achieve desirable health outcomes.[@R6]

We hypothesised that quality management activities driven by facility teams with external facilitation and comprising activities to build capacity of the providers, regular review of key inputs and outcomes to identify gaps and closing those gaps through facility teams' improvement efforts will increase the uptake of essential practices around the time of childbirth in primary health centres (PHC). The improved QoC would enhance the faith of community and families, which would improve utilisation of the PHC services.

Methods {#s2}
=======

Context and study settings {#s2-1}
--------------------------

We conducted this stepped-wedge (SW) cluster-randomised trial in 15 PHCs of districts Ambala and Yamunanagar in the state of Haryana of India between 1 February 2014 and 31 October 2015. Despite being economically well off with per capita income of nearly \$2000, the health indices of Haryana do not match its economic prowess.[@R13] The crude birth rate (21.3/1000), maternal mortality ratio (146/100 000 live births) and under-5 mortality rate (51/1000 live births) are high and comparable to those of India ([online supplementary table S1](#SP1){ref-type="supplementary-material"}).[@R14] However, the state has good road connectivity and the district hospital (DH) can be reached approximately in an hour from the PHCs. The PHCs provide round-the-clock basic obstetric care and are typically staffed by medical officers (MO; n=1--2; one of them being female MO as some patients prefer to be delivered by women) and nurses (n=3--4). There is no provision for blood transfusion, operative delivery, manual removal of placenta or care of small or sick neonates. The State provides free ambulance service to transport women or newborn infants needing referral care.
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We selected 15 of 30 PHCs of the two districts based on the number of deliveries being more than median annual number of deliveries (99 or more in a year) in the PHCs. The study was undertaken with active involvement of functionaries of National Health Mission (NHM), state government and DH.

Design and intervention {#s2-2}
-----------------------

We employed SW cluster-randomised design to test our hypothesis. SW design offers pragmatic advantage of staggered rolling out of intervention, avoids dilemma of having a control group, is statistically more powerful and better controls for the secular trend than a before-and-after study.[@R17] The 21-month duration of the study was divided into seven periods (steps) of 3 months each ([online supplementary figure S1](#SP1){ref-type="supplementary-material"}). During the first 3 months (period 1), none of the PHCs initiated intervention. From period 2 to period 5, a set of randomly selected three PHCs (*which constituted a cluster for the study*) initiated intervention in each period such that three PHCs were receiving intervention in period 2, six in period 3, nine in period 4, twelve in period 5 and all 15 PHCs in periods 6 and 7. An independent epidemiologist generated the random allocation sequence without any stratification before start of the study, and kept it concealed from the study implementation team until the time of rolling out of the intervention in a PHC cluster.

The intervention consisted of activities designed to (1) build clinical care capacity of health providers through self-directed and facilitated exercises, (2) assess structure, processes and outcomes of the PHCs to identify quality gaps, and (3) provider teams undertaking improvement activities to close the identified quality gaps. These activities were carried out in form of (1) internal quality management activities in weekly meetings (WM) and monthly meetings (MM), and (2) external quality management (EQM) activities in form of quarterly meetings (QM). [Figure 1](#F1){ref-type="fig"} provides details of activities undertaken in WMs, MMs and QMs. In brief, in WMs, the provider team assembled for approximately 1 hour and discussed a topic from standard operating procedures (SoP), practised a skill, screened a video on their smartphone, audited a case managed in their PHCs, reviewed PHC records and selected dashboard indicators. The study team specially prepared simple SoPs and collected available simple and brief videos pertaining to care during and after childbirth and referral care ([online supplementary table S2](#SP1){ref-type="supplementary-material"}). This resource material, based on prevailing WHO and Government of India guidelines, was supplied to the PHC teams. Every fourth WM (designated as MM) was facilitated by one to two quality coaches (a nurse and/or a general-duty physician) from the study team. Initially, it was planned that NHM staff would play the role of quality coach; however, due to limited capacity, the study team had to replace NHM for this job. The provider teams prepared a report of WMs and MMs and shared it with study team for feedback.

![Conceptual diagram depicting activities during the intervention period. \*Skills included those related to care women (general physical examination, obstetric examination, use of photograph and active management of third stage of labour), baby (measuring weight and axillary temperature, breast feeding support and detection of sickness) or both (hand hygiene). DH, district hospital; NHM, National Health Mission; OSCE, Objective Structured Clinical Examination; PHC, primary health centre; SoP, standard operating procedure.](bmjgh-2018-000907f01){#F1}

The EQM activities were carried out in place of every 12th WM (designated as QM). In these QMs, a study team visited the PHC typically for 4 hours. This team of at least two external experts, NHM and DH officials and the respective quality coach(es) (a total of four to five members) visited the PHCs. The external experts were drawn from the faculty of paediatrics, obstetrics and nursing from surrounding medical and nursing colleges. Sometimes, a management science expert also participated in the QMs. This team carried out structured assessment of the availability of physical and human resources, adequacy of supplies and functionality of equipment, key skills of the nurses and adequacy of case records. The team also performed a case audit and assessed client satisfaction by interviewing a couple of families present in the facility or managed in the past. The team witnessed QoC of clinical care actually being provided at the time of visit if there was an opportunity (eg, during childbirth) and also took stock of activities carried out in WMs and MMs ([online supplementary table S2](#SP1){ref-type="supplementary-material"} provides tools used for the assessments). The team carried out assessment in a non-judgemental and cordial manner, encouraging the provider teams to share their achievements and frustrations and by appreciating their positive aspects. The team prepared a report on the strengths and weaknesses of the PHC and, together with the provider team, identified quality gaps and discussed ways to close the gaps in an ensuing debriefing meeting. The report was shared with NHM and DH administration for feedback and action.

The provider teams undertook improvement activities to close the quality gaps identified during different meetings. The NHM and/or DH officials participating in QMs were requested to assist in closing the gaps related to human and physical resources. The PHC staff learnt SoP, practised skills and discussed cases to close skill-related gaps. Records-related gaps were closed by education and encouragement. Additionally, as need-driven activities, study team designed structured case sheet containing partograph, discharge and referral cards, and postnatal monitoring chart for mother and baby for the PHCs. Client experience-related gaps were addressed by improving cleanliness and hygiene in the premises, improving communication skills of PHC staff and providing warm food to the admitted women.

Outcomes {#s2-3}
--------

The primary outcomes included number of women approaching PHCs for childbirth and 12 essential practices around the time of childbirth (total 13 primary outcomes; [online supplementary table S3](#SP1){ref-type="supplementary-material"}). We also measured several secondary outcomes related to the clients' experience of care and maternal and neonatal mortality and stillbirths (health outcomes).

We employed a robust system of outcome assessment. An independent outcome assessment team collected outcome data by deploying one research nurse per PHC who directly observed care provided around the time of childbirth. The outcome team did not share the outcome data with the study intervention implementing team, PHC staff or health administrators. The research nurse was not involved in clinical care. The research nurse tracked (telephonically or through home visits) all women presenting to PHCs for childbirth, irrespective of place of delivery and their babies, and recorded if they were alive or not on the 7th and 28th and 42nd days after delivery. For outcomes related to the directly observed 12 essential practices, women presenting to the PHC for childbirth were eligible for inclusion if the study observer could reach the PHC before delivery of the fetus.

We carried out verbal autopsy (VA) of all stillbirths, neonatal or maternal death. A team of paediatricians, nurses and social scientists reviewed the VA data and identified steps of referral, cause and place of death and if death could have been prevented. The death was classified as preventable if, in opinion of the VA team, optimum treatment could have prevented it.

Additionally, the study intervention team collected data on the gaps identified and gaps closed. A gap was defined as closed if it ceased to occur on any of subsequent QMs.

Sample size calculation {#s2-4}
-----------------------

We used the method described by Hussey and Hughes for sample size calculation.[@R18] A systematic review of primary care research that estimated intracluster correlation coefficient (ICC) for 1039 variables from 31 studies found a median ICC of 0.005 with IQR of 0--0.021.[@R19] To account for potentially large clustering effect in different practices in the set of three PHCs, we assumed a relatively larger value of ICC (0.1). Based on the existing records, we estimated that the prevalence of the key practices ranged from 10% (eg, skin-to-skin contact after delivery) to 75% (use of uterotonic agents for augmentation of labour, a harmful practice) at the study PHCs ([online supplementary table S3](#SP1){ref-type="supplementary-material"}). We hypothesised that with the intervention, the practices would improve by absolute percentage points of 10--15 in the intervention period. Assuming an ICC of 0.1, we needed to observe 30 deliveries per cluster of three PHCs per period of 3 months to achieve a power of 80%, and two-sided alpha value of 0.05.[@R18]

Ethics and consent {#s2-5}
------------------

The institutional ethics committees of WHO-Geneva, All India Institute of Medical Sciences-New Delhi and Government Medical College-Chandigarh approved the study protocol. Written informed consent was sought from women who were observed for collection of information about the 12 essential practices and a standardised consent form was used for this process highlighting benefits, harms, role of participants, voluntary nature of participation and independence to withdraw. The information provided did not differ in the intervention and control arms and women did not know the 'arm' she was being recruited to. The study protocol was registered at CTRI.org (CTRI/2016/05/006963).

Statistical analysis {#s2-6}
--------------------

The data were captured in electronic case record form with in-built options of range check and cross-validation. The Global Positioning System capability of the handheld devices allowed us to track those data that were being recorded on the site and in real time. The outcome team monitored quality of data on an ongoing basis by cross-checking 10% data from PHC records and independently interviewing women. Data supervisor checked data for completeness and accuracy.

Data were expressed as proportions, mean and SDs, or median and IQR. The outcome of number of deliveries was expressed in terms of PHC-month. Generalised estimating equations---population-averaged model was used to adjust the effect size of primary outcomes with random effect for cluster (PHC) and fixed effect for the 'calendar time'. To account for the possible lag in uptake of intervention, we assumed the first intervention period to be the 'lag-period' and observations during this lag period were considered under 'control period'. The analysis was two sided and by intention to treat. We did not make any correction for multiple comparisons. Data were analysed using Stata V.11.0 (StataCorp, USA).

Additionally, for three case studies presented in the Results section, we calculated a composite care score for each mother--baby dyad by scoring observed practices (1=done correctly; 0=not done correctly) and expressed it as proportion, with the numerator being addition of scores of all observed practices for a mother--baby dyad and denominator being best possible score.

Results {#s3}
=======

Of the scheduled activities during the intervention period, 62% of WMs, 79% of MMs and 73% of QMs were conducted ([online supplementary table S4](#SP1){ref-type="supplementary-material"}). The PHC nurses participated more often than PHC MOs in the quality management activities ([online supplementary table S4](#SP1){ref-type="supplementary-material"}). At least two external experts, NHM and DH officials participated in QMs on 100%, 43.2% and 9.1% occasions, respectively.

Of a large number of quality gaps (n=479) identified during QMs, only 32.8% were closed successfully ([table 1](#T1){ref-type="table"}). Gaps related to human and physical resources and experience of care were less likely to be closed than those related to actionable information system, providers' skills and provision of care. In order to facilitate gap closure, the project team met NHM and district health administration ([online supplementary table S5](#SP1){ref-type="supplementary-material"}). Of the 20 action items identified during these meetings, five were successfully accomplished and another five could partially be accomplished. The items related to provision of uniform records could be undertaken successfully. However, the action points related to ensuring adequate strength of nurses and sanitation staff, round-the-clock availability of electricity and provision of extra budget could not be undertaken.

###### 

Quality gaps identified during quarterly quality management meetings and their closure rates

  -----------------------------------------------------------------------------------------------------------------
  Nature of quality gap                                                Gaps identified\   Gaps closed\
                                                                       n                  n (% of gap identified)
  -------------------------------------------------------------------- ------------------ -------------------------
  Physical resources                                                   161                41 (25.5)

   Infrastructure                                                      95                 23 (24.2)

   Functional equipment                                                26                 7 (26.9)

   Supplies and consumables                                            40                 11 (27.5)

  Provision of care                                                    117                42 (35.9)

   Clinical care                                                       63                 21 (33.3)

    Routine intrapartum and postnatal care of mother                   29                 7 (24.1)

    Routine postnatal care of baby                                     34                 14 (41.2)

   Referral care                                                       54                 21 (38.9)

    Detection and management of complications in mother                22                 7 (31.8)

    Detection and management of complications in baby                  9                  4 (44.4)

    Timely referral and prereferral stabilisation                      16                 8 (50)

    Communication and feedback from referring unit                     6                  1 (16.7)

    Provider accompanying the family                                   1                  1 (100)

  Actionable information system                                        89                 35 (39.3)

  Skills of health providers                                           72                 28 (38.9)

  Experience of care                                                   20                 4 (20.0)

  Human resources                                                      11                 1 (9.1)

  Others (disbursement of JSY money, utilisation of JSSK funds, etc)   9                  6 (66.7)

  Total                                                                479                157 (32.8)
  -----------------------------------------------------------------------------------------------------------------

Values expressed as n or n (%).

JSSK, Janani Shishu Suraksha Karyakaram (Government of India's programme to provide free treatment, food and transport facility to mother and her infant in public facilities in India); JSY, Janani Suraksha Yojana (conditional cash transfer scheme of Government of India).

Study outcomes {#s3-1}
--------------

### Patient flow and their baseline characteristics {#s3-1-1}

Of 7345 women approaching PHCs during the study period, 5108 delivered in the PHCs and 2237 were referred to higher centres before childbirth ([figure 2](#F2){ref-type="fig"}, [online supplementary figure S2](#SP1){ref-type="supplementary-material"}). The research nurse observed care during and after childbirth of 1623 women and their babies during intervention period (median: 100 per PHC cluster per 3 months period, IQR: 75.5--130.5) and 1720 women and their babies during control period (median: 79.5 per cluster period, IQR: 72.8--96.5). The women were relatively young, with low level of education, poor and more from vulnerable social groups. There was not a large difference in women admitted to the PHCs in two periods except that a lower proportion of them belonged to underprivileged social classes in the intervention period ([online supplementary table S6](#SP1){ref-type="supplementary-material"}).

![Study participant flow. \*The women or the baby may have required referral after delivery. PHC, primary health centre.](bmjgh-2018-000907f02){#F2}

### Primary outcomes {#s3-1-2}

[Table 2](#T2){ref-type="table"} shows the study primary outcomes. There was a 22% increase in number of women approaching for childbirth to PHCs during intervention period.

###### 

Primary outcomes of the study

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Intervention period (n=1623)                                                       Control period (n=1720)   Adjusted OR/IRR\*\   P values              
                                                                                                               (95% CI)                                   
  ---------------------------------------------------------------------------------- ------------------------- -------------------- --------------------- ----------
  Women approached PHC for childbirth; n per PHC-month                               3514/135\                 3831/180\            1.22†\                
                                                                                     (26 per PHC-month)        (21 per PHC-month)   (1.17 to 1.28)        

  Practices before childbirth                                                                                                                             

   Hand hygiene before per-vaginal examination on all occasions                      695/1058\                 660/1269\            1.47\                 0.004
                                                                                     (65.7)                    (52.0)               (1.13 to 1.90)        

   Use of sterile gloves for per-vaginal examination on all occasions                923/1263\                 1100/1340\           0.91\                 0.52
                                                                                     (73.1)                    (82.1)               (0.67 to 1.22)        

   Fetal heart rate recording on all occasions                                       1125/1263\                1070/1340\           1.47\                 0.03
                                                                                     (89.1)                    (79.8)               (1.03 to 2.09)        

   Use of partograph on all obstetric examinations\*                                 535/1263\                 675/1340\            1.63\                 \<0.0001
                                                                                     (42.4)                    (50.4)               (1.28 to 2.07)        

   Augmentation of labour using uterotonic\*                                         160/1411\                 207/1567\            1.77\                 0.003
                                                                                     (11.3)                    (13.2)               (1.21 to 2.58)        

  Practices after childbirth                                                                                                                              

   Use of uterotonic after delivery for active management of third stage of labour   1432/1448\                1426/1481\           1.27\                 0.58
                                                                                     (98.9)                    (96.3)               (0.54 to 3.0)         

   Placing the baby in skin-to-skin contact with mother within 1 hour of birth       886/1431\                 670/1476\            1.38\                 \<0.0001
                                                                                     (61.9)                    (45.4)               (1.18 to 1.62)        

   Initiation of breast feeding within 1 hour of birth                               946/1331\                 756/1390\            1.02\                 0.86
                                                                                     (71.1)                    (54.4)               (0.82 to 1.26)        

   Baby dried within 1 min of birth                                                  647/1448\                 400/1478\            1.27\                 0.06
                                                                                     (44.7)                    (27.1)               (0.99 to 1.63)        

   Birth weight recorded within 2 hours of birth                                     1384/1405\                1412/1439\           1.49 (0.64 to 3.49)   0.35
                                                                                     (98.5)                    (98.1)                                     

   Discharge after 24 hours after delivery                                           1103/1318\                825/1353\            2.14 (1.60 to 2.88)   \<0.0001
                                                                                     (83.7)                    (61.0)                                     

   Adequate discharge preparedness†                                                  927/1165\                 582/1249\            1.79\                 \<0.0001
                                                                                     (79.6%)                   (46.6%)              (1.41 to 2.27)        
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------

Data expressed as n (%) unless specified otherwise.

PHC, primary health centre.

\*The summary statistics is expressed as adjusted ORs for all practices except 'women approached PHC for childbirth' which was expressed in terms of incidence rate ratio (IRR). The data were adjusted for secular trend and cluster. As a result, for the practices 4 and 5, despite having lower rates in intervention period than control period, adjusted ORs are in the opposite direction.

†Presence of all: exclusive breast feeding at discharge, women counselled and she is aware of danger signs for herself and her baby).

Three of five key practices observed *before childbirth* improved in the intervention periods: hand hygiene before per-vaginal examination, recording of fetal heart rate and use of partograph. The practice of use of sterile gloves during per-vaginal examination remained unchanged while use of uterotonics for augmentation of labour (a harmful practice) was worsened. Among *after childbirth* practices, two of them, namely uterotonic use and early birth weight measurement, were almost universal in both the periods. Of the remaining five practices, skin-to-skin contact with the mother immediately after birth, discharge after 24 hours of birth and adequate discharge preparedness improved in the intervention period. Two practices remained unchanged: drying the baby immediately after birth and early initiation of breast feeding.

### Secondary outcomes {#s3-1-3}

[Figure 2](#F2){ref-type="fig"} shows the participant flow. Of 102 stillbirths, 44 (43.1%) occurred before women arriving to the PHC. There was no difference in rates of maternal or neonatal mortality or stillbirths between two periods ([online supplementary table S7](#SP1){ref-type="supplementary-material"}).

Of 171 deaths investigated by VA, 18 (10.5%) happened during referral transport and 94 (55.0%) at referral facilities. Forty per cent (35/87) of neonatal deaths and 21.5% (14/65) of fresh stillbirths experienced at least two steps of referral. Birth asphyxia was the most common (n=99, 58.6%) cause of stillbirth and neonatal death followed by infection (n=18) and prematurity (n=18). Two maternal deaths and most of stillbirths or neonatal deaths (83.4%, 141/169) were deemed preventable through provision of good-quality antenatal, intrapartum and referral care.

Challenges {#s3-2}
----------

We noted several challenges to improvement efforts during the study. Decrease in state NHM budget (from US\$0.85 million in 2014--2015 to US\$0.55 million in 2015--2016) led to substantial reduction in the strength of its supervisory staff (from 22 to 2) and decline in its participation in the intervention activities (from 17/21, 81.0% of QMs in the first half to 3/30, 10% in the second half of study). The frequent changes in leadership at state level (two changes in state health secretary, one change in director, Mother and Child Health), in NHM (two changes in mission director) and at DH (two changes in chief MO in one) in second half of the study led to fragility of the health system. The transfer out of nurses to other health facilities influenced the optimum functioning of PHCs (case study, vide infra). Most PHC nurses were contract job worker (51/60; 85%) getting approximately 40% of the monthly salary as compared with nurse in the regular job (US\$; 140 vs 400). PHC MOs had multiple job responsibilities within and outside PHCs (mandatory jail duty, night duties at community health centre (CHC), additional responsibilities at DH, multiple trainings within and outside PHC) limiting their focus on childbirth services at their own PHC. Nine of 15 PHCs did not have female MO for a period of at least 3 months during the study period. None of the PHCs had deployment of sanitary or security staff and the PHC staff had to make adhoc arrangement for these services. The other significant challenges included prolonged and regular power outages (up to 16--18 hours for most PHCs) with inadequate/non-existent power backup, no provision for fresh and warm food for mothers, delay in availability of ambulances, suboptimal system of supply of essential drugs resulting in local purchases and lack of uniformity of records.

Case studies {#s3-3}
------------

Most of the PHCs showed improvement in key practices related to childbirth during the study. However, contextual factors such as local leadership, adequate availability of human resources and incidental activities influenced the effect of intervention. We illustrate three case studies highlighting such influences ([Box 1](#B1){ref-type="boxed-text"} and [figure 3](#F3){ref-type="fig"}). In the first case study, a poorly performing PHC showed significant improvement due to strong leadership of the MO in charge. In the second case study, QoC declined due to transfer out of three of the five nurses from a high case load PHC. In the third case study, an already well-performing PHC deteriorated following a maternal death.

###### Case studies

**Case study 1**

PHC A, located 12 km away from the district headquarter, had deployment of one to five nurses and two MOs during the study period. This PHC was one of the poorly performing PHCs and it initiated intervention in the fourth month of the study. Motivated by the quality management process, the MO in charge provided exceptional leadership to the team resulting in significant improvement in the PHC performance over the remaining study period ([figure 3](#F3){ref-type="fig"}). The number of deliveries increased from an average of 6 per month in the control period to 17 per month in the intervention period. There was a significant improvement in composite care score. The MO in charge took keen interest in the quality management activities by supervising the work of nurses, closing gaps in the staff deployment by interacting with district hospital administration. The PHC added an extra labour table, constructed a toilet in labour room and put up curtains in postnatal ward to ensure privacy.

**Case study 2**

PHC B, located in a township, had two MOs including one female MO, two to five nurses and adequate physical infrastructure. The PHC initiated intervention in the 15th month of the study. It had a high case load (average 36 deliveries per month) during the study period. The composite care score of the PHC was high indicating good performance of the PHC during initial 12 months. At 12 months, there were major changes in the deployment of health providers in the PHC: reduced strength of nurses (from five to two) due to transfer of three nurses and the additional responsibility given to the MO at the DH making him unavailable for good part of his time for the PHC. As a result, there was a significant decline in composite care score in ensuing months ([figure 3](#F3){ref-type="fig"}). The two nurses were unable to deliver optimum childbirth services due to excessive workload and the MO was not able to provide leadership to the PHC team. There was inadequate uptake of quality management activities when intervention started at the PHC from the 15th month of the study.

**Case study 3**

PHC C, located about 11 km away from the district headquarter, had one to two MOs including a female MO and two to five nurses during the study period. The PHC had labour room and postnatal care facilities as per the state norms. This PHC initiated intervention in the fourth month of the study. The MO in charge was a motivated and committed person and led the team to provide good services with a large number of deliveries (n=15 per month) occurring in the PHC. During the 11th month of study, a maternal death occurred, which led to an enquiry by the district administration. The MO got intimidated and proceeded on leave. Thereafter, she was irregular and distracted from her work. The staff got demoralised and the community behaved in a hostile manner. The number of deliveries declined. Quality management team made persistent efforts to raise the morale of the staff and continued to visit the PHC and interact with staff. The MO resumed work only after about 4 months and there was improvement in services thereafter.

DH, district hospital; MO, medical officer; PHC, primary health centre.

![Performance of three primary health centres (PHC). Y-axis represents the care score derived from adding the number of 12 childbirth practices received by a patient. Dots represent the care score of individual observed patient. Solid line with shaded area represents the smoothed trend in care score and its 95% CI.](bmjgh-2018-000907f03){#F3}

Discussion {#s4}
==========

The intervention strategy in our study has shown a modest effectiveness: increase in number of deliveries signifying improved utilisation of PHC and modest improvement of 6--12 key practices. There was no suggestion of any change either in stillbirth or neonatal mortality rates (secondary outcomes). Importantly, the study highlights two very important issues with serious implication to future research and policy: (1) despite substantial strengthening of the public health system in past two decades, there exists a significant degree of fragility and weakness at all levels potentially undermining any improvement efforts; (2) a majority of stillbirths and neonatal deaths occurred in women and their babies during referral transport or at the referral facilities.

Five randomised controlled studies have investigated impact of interventions to improve QoC at the time of childbirth at PHCs.[@R20] Taking cues from the evidence of efficacy of use of the surgical checklist in settings of strong health systems, the BetterBirth study focused on providers using a checklist tool to improve essential practices during childbirth and reduce mortality in settings of weak health systems (Uttar Pradesh, India). The study intervention was limited to providing intense coaching (43 visits in 8 months) to the facility staff for use of the checklist for improving the uptake of life-saving practices and did not specifically focus on strengthening of the health system or provider skills. While the study did find a modest improvement in the practices (73% in intervention arm vs 42% in the control arm) with use of checklist at 4 months of intervention, there was no effect on the perinatal death, maternal deaths and maternal severe complications. Also, the improvement in practices too dwindled in a few months of cessation of the intervention. Unfortunately, this study did not provide concrete data as to why the intervention was modestly effective in improving practices and did not improve mortality and other health outcomes. A study with factorial design from Malawi showed no reduction in neonatal and perinatal mortality with improvement intervention at facility level unless it was combined with community mobilisation.[@R20] There was 22% reduction in neonatal mortality with combined facility and community intervention and 16% reduction in perinatal mortality with community intervention alone. Another cluster-randomised trial in PHCs of India reported improved provider preparedness, facility readiness to deal with childbirth and related complications, and improved practices as reviewed from records.[@R22]

Our study focused on a multipronged approach targeted at improvement of all the important pillars of the health systems and systematically measured the existing gaps in health systems and barriers to quality improvement. The facility staff drove the improvement process with external mentoring and with the involvement of government functionaries. Though our study results are in agreement with BetterBirth study, it provides deeper insight as to why improvement efforts in these two important studies may not have yielded the expected results and what could be the way forward to improve the QoC and health outcomes in small facilities.

Our study reinforces the WHO notion, which is based on Donabedian model, that provision of optimum QoC requires existence of a robust health system including leadership/governance, accountability, adequate financing, skilled and committed human resource and physical resources.[@R6] The improvement processes in our study identified a large number of serious gaps (n=479) in almost every essential domain of the health system. Moreover, low level of motivation and a lower level of accountability, and vulnerability of the health systems to a variety of contextual factors further hindered the improvement process. Many of identified gaps (n=322/479, 67.2%) could not be closed despite multiple improvement activities, undertaken by the facility staff and efforts made by the project team as these required concrete actions at the higher level of health system, which was also seriously limited. The effective closure of gaps in skills requires a high level of motivation for learning of the providers as well as availability of enough opportunities for honing of the skills. For effective functioning of the PHCs, we feel multiple factors have to be addressed that include but not limited to health systems made more resilient by ensuring stability of the leadership, easy fund flow, the issue of availability of skilled and motivated providers and creating a framework of accountability at all levels. There is a need to explore if the available resources can be used in a more efficient manner---likely strengthening of better performing PHCs and downscaling low-volume PHCs. While the governments and policymakers are understandably looking for the scalable models of improving QoC that work in the health system with all its weaknesses, our study strongly highlights the need to have stronger, accountable and responsive health system as an essential prerequisite for significant improvement in QoC at health facilities. In our study, implementation of the intervention package was led by PHC healthcare workers with periodic external facilitation. More intensive support or mentoring by EQM teams could have made more impact on the study outcomes. However, sustainability of improvement achieved by such an approach has not been demonstrated.[@R11] Large number of gaps in healthcare infrastructure identified in the study indicates the intervention package should have stronger quality assurance component.

PHCs cater to low-risk conditions. Linking these institutions to referral facilities through optimal referral transport is critical to improve health outcomes of its clients. But, this critical link is often not as effective as it should be. There are delayed recognitions of conditions requiring referral and suboptimal transport (second delay) and significant third delay in overburdened referral facilities. VA data revealed that 49 of 152 stillbirths or neonatal deaths, families had to visit at least two referral facilities for the want of care. Nearly two-thirds (112/171) of deaths occurred in patients during referral transport or at referral facilities. A large number of stillbirths occurred even before women presenting to the PHC highlighting a poor quality of antenatal care including optimum counselling of women to recognise danger signs. In face of existence of such critical weakness in the health system, the bad outcomes cannot be effectively averted no matter how good QoC is provided at the smaller facilities. It is therefore imperative that the QoC programmes target improvement of services at all levels starting from first contact facilities to the referral centres.

Our study has several limitations. It was a small study involving only 15 PHCs with relatively low case load in two districts and not powered for mortality and other important health outcomes. As the perinatal, neonatal and maternal mortality outcomes can only be influenced if a range of services (processes) are improved, we took 13 outcomes to be studied as the primary outcomes. We calculated the sample size for each of these 13 practices and took the largest sample size. However, the analysis does not account for multiple hypotheses testing. The primary outcome of number of deliveries depended on several other factors apart from QoC but we believe that study design addressed this issue. The study investigators could not have blinded. However, we employed robust independent outcome measurement. We did not evaluate costing and the sustainability of the model. Lastly, the SW design does not fully compensate for secular trend but is a design of choice for such interventions. The effect of contextual factors on the success of QM approach was demonstrated by three different case studies. However, this before-and-after analysis does not preclude the potential effect of secular trend.

In conclusion, our study reports modest effectiveness of a quality management strategy driven by the provider teams with external facilitation in small health facilities of Haryana, India. We noted several serious and difficult-to-close quality gaps in the health system as the limiting factors for desirable level of improvement in QoC and potentially health outcomes. Two-thirds of deaths occurred in women and their babies during the transport or at the referral facilities. We recommend that a stronger and functional health system and a responsive and accountable mechanism to identify and effectively close the quality gaps in health system must be an integral part of any QoC programmes.
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